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1	Introduction
According to the previous agreement on the state transition for NR, the RRC state transition from RRC_INACTIVE to IDLE is supported. 
Agreements
7: The RRC state transition from INACTIVE to IDLE is supported 
FFS For what cases this transition is supported (e.g. reject from network, other failure cases, other cases, etc).
In RAN2#98 meeting, it was agreed that network initiated RRC state transition from INACTIVE to IDLE follows INACTIVE to CONNECTED and then CONNECTED to IDLE as a baseline.
Such transition was including in the email discussion [98#30][NR] RRC Connection Control and the report in [1].
In this document, we provide further analysis on the scenarios discussed in [1] and additional scenarios.
2	Discussion
2.1	Support RRC_INACTIVE by Default
At the beginning of study item in NR R15, RRC_INACTIVE state is introduced. It is beneficial to reduce unnecessary signalling overhead and latency due to state transition to CONNECTED.  In RAN2#98 meeting, it was agreed that RRC_INACTIVE state is a separate state on the same footing as IDLE and CONNECTED states. In this way, it will avoid signalling overhead in MSI and simplify the design on both UE and network sides without capability interaction procedures. In addition, it is the first 5G release and there is no need to consider backwards compatibility. 
Taking the above section into consideration, it is reasonable to define the RRC_INACTIVE sate as basic state in NR. Both UE and RAN in NR are mandated to support RRC_INACTIVE state and related features from the first 5G release 15. There is no need to consider additional indicator broadcasted to indicate whether the cell supports RRC_INACTIVE state. 
Proposal 1: RRC_INACTIVE state should be supported by default in NR from R15.
2.2	State transitions from RRC_INACTIVE to RRC_IDLE
In SA2, it has been agreed that the inactive UE shall enter idle mode upon the cases [1] as below:
“a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE mode and follow relevant NAS procedure in the following cases:
-	If RRC resume procedure fails,
-	If the UE receives Core Network paging,
-	If the periodic RAN-based Location Area update timer expires and the UE cannot successfully resume the RRC connection,”
Proposal 2: The inactive UE enters idle state upon receiving CN based paging.
In RAN2, there was also email discussion on RRC state transition from inactive to idle [2]. For some case, e.g., case 1, most companies can arrive at possible agreement. Detailed handling at UE side should be further discussed. For some case, e.g., cases 2 and 3, there is some divergence. Besides, there are some cases which were not considered, e.g., cases 4 and 5.
2.3	Scenarios considered in RAN2 email discussion
2.3.1	Inactive UE fails to send the re-activation message
[bookmark: _GoBack]It is possible for the UE to be out of coverage or service, or perform unsuccessful RRC re-activation procedure, e.g., RRC re-activation request transmission failure or receiving no response from the network. When the failure condition is met, the inactive UE should enter idle. Potential failure cases can be that continuous failure numbers exceed the defined maximum times or the defined trying timer expired. The possible procedures can be illustrated as Fig. 1.



Fig. 1 Unsuccessful Re-activation procedure
Proposal 3: The inactive UE enters idle state when the maximum backoff times arrive or the maximum timer expires.
2.3.2	 The UE cannot find the suitable cell
For an inactive UE, it will perform cell reselection procedure if current cell quality cannot meet the defined criterion. Due to possibly unexpected network deployment, it is possible that in some locations the inactive UE cannot find any suitable cell to camp and is out of service.  By now, there is no clear agreement on whether PLMN selection is allowed for inactive UE. It is possible that no other suitable cell can be found although “inactive” UE performs PLMN selection. It is reasonable to consider a timer when the inactive UE detects out of service. If no suitable cell can be found upon the timer expired, the inactive UE clears the stored UE context and enters idle. 
Proposal 4: The inactive UE enters idle state when the UE cannot find the suitable cell for a period of time.
2.3.3	Timer-based state transition to idle
In LTE R14, DataInactivityTimer is introduced to control Data inactivity operation. When the dataInactivityTimer expires, UE will perform actions upon leaving RRC_CONNECTED state. It is expected to avoid potential state mismatch at UE and network sides.  This also avoids signalling overhead without RRC message to reconfigure UE into idle.
Taking into consideration state transition from inactive to idle, similar solution can be used. When the network configures UE into inactive, an inactivity timer is simultaneously included. Subsequently, the UE enters inactive state and starts the timer. The UE will restart the timer whenever data /signalling are sent /received. If the timer expires, UE automatically leaves RRC_INACTIVE state and enters RRC_IDLE state. At the same time, network is also assumed to run the similar scheme to avoid potential state mismatch.
Proposal 5: The inactive UE enters idle if the preconfigured inactivity timer expires.
[bookmark: _1267948855]2.4	Other scenarios
2.4.1	The network sends a release message to move the UE to idle
In this case, the RRC re-activation request message is successfully received by the network. However, due to overload, unsuccessful context fetch procedure or other network strategy, the network finally decides to send a release message as a response to the inactive UE. In this way, the inactive UE will also enter idle according to the network configuration.


Fig. 2 Re-activation Reject procedure
Proposal 6: The inactive UE enters idle upon reception of the RRC reject message from network after initiating re-activation request.
2.4.2	Network fails to receive periodical RNAU
It was agreed in RAN2#98 that inactive UE will notify the NR RAN of the periodical RNAU. A periodical timer for RNAU will be started in both UE and network sides. If the timer expires, the network fails to receive the periodical RNAU from UE for another period. It is reasonable for the network to assume that some error occurred between UE and network. The network deletes the context of the UE and release the related RAN/CN connection. The UE is considered in idle from network viewpoint.
Proposal 7: The network considers inactive UE as idle if it fails to receive periodical RNAU.
3	Conclusion
By analysing the detailed cases and potential solutions for UEs in inactive state to transit into idle state, we made the following proposals in NR:
Proposal 1: RRC_INACTIVE state should be supported by default in NR from R15.
Proposal 2: The inactive UE enters idle state upon receiving CN based paging.
Proposal 3: The inactive UE enters idle state when the maximum backoff times arrive or the maximum timer expires.
Proposal 4: The inactive UE enters idle state when the UE cannot find the suitable cell for a period of time.
Proposal 5: The inactive UE enters idle if the preconfigured inactivity timer expires.
Proposal 6: The inactive UE enters idle upon reception of the RRC reject message from network after initiating re-activation request.
Proposal 7: The network considers inactive UE as idle if it fails to receive periodical RNAU.
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